Background: In the current Japanese payment system for the treatment of psychiatric inpatients, the length of hospital stay and nurse staffing levels are key determinants of the amount of payment. These factors do not fully reflect the costs of care for each patient. The objective of this study was to clarify the relationship between patient characteristics and their care costs as measured by "care time" for patients with schizophrenia. Methods: Patient characteristics and care time were investigated in 14,557 inpatients in 102 psychiatric hospitals in Japan. Of these 14,557 inpatients, data for 8,379 with schizophrenia were analyzed using a tree-based model. Results: The factor exerting the greatest influence on care time was "length of stay", so subjects were divided into 2 groups, a "short stay group" with length of stay 104 days, and "long stay group" 105 days. Each group was further subdivided according to dependence with regard to "activities of daily living", "psychomotor agitation", "verbal abuse", and "frequent demands/repetitive complaints", which were critical variables affecting care time. The mean care time was shorter in the long-stay group; however, in some long-stay patients, the mean care time was considerably longer than that in patients in the shortstay group.
Introduction
In Japan, over 90% of psychiatric inpatient care is provided by private sector hospitals, mostly owned by physicians, each averaging about 250 beds. The Japanese government has been attempting to decrease the number of psychiatric beds, which is currently the highest in the world, through the nationally uniform payment system by decreasing the daily rate for units with long-stay patients while increasing the rate for acute care units. It has also provided incentives for hospitals to increase nurse staffing levels by paying more for units that meet these levels. As a result, acute care units with high staffing levels are paid more than chronic care units that have low staffing levels.
While the current payment system may be generally appropriate, it does not take into consideration long-stay patients requiring relatively high levels of care, and consequently costing the hospital more than the amount paid. In order to care for these patients, other patients in the same unit might not receive the amount of care they need. This problem would be exacerbated in hospitals having both acute-stay and long-stay patients in the same unit because they are not able to meet the higher staffing levels required in acute units.
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sugibayashi et al A case-mix-based per diem payment system would resolve this problem. The algorithm for grouping patients is developed by statistically analyzing patient characteristics that best explain differences in cost. In psychiatric care, since labor costs account for approximately 60% of hospital expenditure and vary widely between patients, 1 we decided to measure the "wage-weighted care time" that each patient receives, following the method developed by Schneider et al 2 for nursing homes in the USA. By measuring the care time each patient receives from each category of staff and then weighing this time according to the relative wages of nurses, care staff, and others providing care, it is possible to calculate the relative costs accruing to each patient. Fries et al 3 later conducted a study in Veterans Administration medical psychiatric centers, which included both acute and chronic patients. However, this study explained only 11.4% of the variability in per diem resource use. Other research 4 has focused exclusively on acute patients or would not be relevant in the Japanese context. Yamauchi 5 undertook a preliminary study, conducted in 1994 and published in 1997, using the method developed by Schneider et. al. 2 However, the sample size was relatively small and the results failed to convince the government and the Japan Psychiatric Hospitals Association of the need to adopt this new method of payment. Moreover, since Yamauchi's study 5 was conducted, the payment system has been revised seven times, and has generally tended to increase the difference between the better paid and better staffed acute care units and the less paid and less staffed chronic care units. In addition, the inpatient population has been aging, 6 and second-generation antipsychotics are now more widely used.
For these reasons, we decided to conduct this study, which has a large sample size from over 100 hospitals. We focused our attention on patients with schizophrenia because grouping would have a more direct relationship with their clinical characteristics. These patients account for approximately 60% of all psychiatric hospital inpatients in Japan, many of whom stay in hospital for a long time. 
Materials and methods subjects
This survey was conducted in 2009 with the cooperation of 102 psychiatric hospitals in Japan, including 90 private hospitals, five municipal hospitals, and seven national hospitals. In the two to three units selected from each hospital, all patients who were hospitalized at the time of the 24-hour survey period were investigated. Of a total of 14,557 patients, we analyzed data for 8,379 who were diagnosed as having schizophrenia (F20) according to the ICD-10 (Tenth Revision of the International Statistical Classification of Diseases and Related Health Problems). Special secure units for forensic psychiatry were not included in this study.
Since our objective lay in developing a case-mix-based grouping system for both acute and chronic units that could also be applied to units that have not yet been adequately differentiated, we chose psychiatric hospitals that would cover the full range. We then asked the hospitals to choose two or three units that had patients with a contrasting case-mix. Thus, the sites chosen do not constitute a representative cross-section of the inpatient psychiatric population in Japan. For example, a national sample would have a greater proportion of elderly patients receiving chronic care. This group would be undersampled in our study because they would essentially have the same characteristics. We also did not attempt to analyze regional differences because the payment system in Japan is uniformly set by the national government, which has led to a homogeneous pattern of delivering care throughout the country, 6 including the poor development of community care.
Note that in Japan, nurse staffing levels across hospitals for each type of unit, ie, acute or chronic, are relatively homogeneous because the nationally uniform payment system sets payment based on acute or chronic designation and nurse staffing levels. The relative weight of staff other than nurses, such as psychologists, is low because the payment system does not explicitly reimburse their services.
Measurement items
Total weighted care time (index of labor cost per patient-day) Time studies were conducted in each selected ward during the survey period (December 14-18, 2009 14-18, , or January 18-22, 2010 . For the unit staff, this was for a 24-hour period given that their activities would not differ greatly on a day-to-day basis. For the nonunit staff, such as physicians, the time study survey period was 5 days. The time (minutes) spent attending to each patient was self-recorded using a stopwatch provided to each staff member. The care time included not only the time actually spent with the patient, but also such activities as writing up the patient's records and the time spent in conference devoted to that patient. After the care time was recorded by each staff member, the care time provided by all staff members during the observation period was calculated for each patient. For nonunit staff, their care time was divided by five and added to the unit staff time. Care time was measured in minutes per day.
In order to standardize differences in costs due to differences in wages between staff categories, we converted the actual care time to "wage-weighted care time" by weighting the care time against the average wage of a registered nurse as the baseline (1.0). The relative wage weights were taken from the Japan Psychiatric Hospitals Association General Survey Report for the 2007 fiscal year. 8 Relative to registered nurses, the wage of psychiatrists was 2.28; licensed practical nurses 0.86; nurse aides 0.60; pharmacists 1.18; dietitians 0.71; clinical laboratory technologists 0.96; radiology technologists 1.12; psychiatric social workers 0.80; clinical psychologists 0.82; occupational therapists 0.90; and others 0.68. Thus, the care time provided by each occupational category was multiplied by the above relative weights to calculate the total wage-weighted care time in minutes per day (hereafter referred to simply as "care time") for each patient.
Note that costs other than those measured above are likely to be either small or would be allocated equally between all patients on a per head basis, such as utility and maintenance costs, so they need not be considered for the purposes of developing a case-mix-based payment system.
Patient characteristics
Each patient was assessed for psychiatric symptoms, cognitive function, problem behavior, insight into disease, activities of daily living (ADL), and instrumental ADL, in addition to basic attributes and admission history. These assessments were made by the attending physician for each patient and by the head nurse of the unit.
Oxford University version of the Brief Psychiatric rating scale
The Brief Psychiatric Rating Scale (BPRS) consists of 18 items, and the attending physician rated each item on a seven-point scale of 0 (no symptoms), 1 (very mild), 2 (mild), 3 (moderate), 4 (somewhat severe), 5 (severe), to 6 (very severe). The version translated by Sumiyama and Kitamura, 9 and Kitamura et al 10 was used in this study. The interrater reliability of the Japanese version was confirmed by Kitamura et al. 10 cognitive function Since a third of the patients were aged 65 years or over, cognitive impairment may have developed, which would have a significant effect on costs. We evaluated cognitive impairment on the basis of "short-term memory impairment", "cognitive ability", and "communication ability". 11, 12 Nurses rated "short-term memory impairment" on a two-point scale (0, without problems; 1, with problems), "cognitive ability" on a four-point scale (0, independent; 1, some difficulty; 2, need for watching; 3, unable to judge), and "communication ability" on a four-point scale (0, able to communicate; 1, some difficulty; 2, limited to specific requests; 3, unable to communicate).
Problem behavior
Problem behavior consisted of 18 items that had been developed by an expert panel of clinicians from the hospitals surveyed. The presence or absence of "self-injury", "suicide attempt", "intimidation", and "actual violence" during the previous 5 days was rated on a two-point scale (0, without problems; 1, with problems). Thirteen items, including "frequent demands/repetitive complaints" and "verbal abuse" (meaning that other patients could not rest because of the patient's voice) were rated as for frequency of occurrence on a four-point scale (0, absent; 1, present on 1 day; 2, present on 2 days; 3, present on all days) during a 3-day period that included the day of the 24-hour time study by the nurses. The remaining item, ie, "self-injurious ideation, attempt/violent ideation, or violence to others", was rated on the day of the 24-hour time study by the attending physicians on a fourpoint scale (0, no; 1, little; 2, moderate; 3, high).
insight into disease
Two items of insight into disease, ie, "recognition of need for medication" and "consciousness of disease", were assessed by the attending physicians; the former was rated on a fourpoint scale ("sufficient recognition", "insufficient recognition but compliant to medication", "insufficient recognition and occasional reluctance or refusal to take medication", "not prescribed") and the latter on a three-point scale (sufficient, insufficient, and little).
Dependence in aDl
ADL was rated by nurses using the same items as those employed by Fries et al in the RUG (the Resource Utilization Groups) version III case-mix grouping system [13] [14] [15] : "mobility in bed", "transfer", "diet", "toileting", and "personal hygiene" were rated by nurses on a seven-point scale (0, independent; 1, preparation only; 2, observation; 3, partial support; 4, extensive support; 5, maximum support; 6, totally dependent).
Dependence in independent aDl
The seven items on the independent ADL scale, ie, abilities in "meal preparation", "ordinary housework", "managing finances", "managing medications", "phone use", "shopping", and "transportation" were rated by nurses on a threepoint scale (0, no problems; 1, some difficulty; 2, much difficulty). 
statistical analysis
The statistical method used to analyze the care time per patient-day was the classification and regression tree (CART), 17 which has been widely used in developing payment systems in the USA. 18, 19 The explanatory variables entered were patient age and sex (Table 1) , clinical characteristics (Table 2) , and somatic complications and treatment (Table 3 ). The CART was set to a maximum of 5 levels for the depth of the tree. The minimum number of cases in each group for the first split was set to 100. For all nodes after the first split, the minimum number of cases was set to 50. The objective of dividing into groups is to make the care time within each group as homogeneous as possible. This division continued until the number in each group was below the minimum number of cases or further division no longer showed any statistically significant differences.
The variables used to divide a group into two subgroups (called "dichotomous variables") were selected from the division points within each explanatory variable, such as whether "frequent demands/repetitive complaints" had occurred within the previous 24 hours. In CART, these division points (referred to as "nodes") automatically divide the group into two subgroups so that their statistically significant differences would be greatest (P-value in statistical tests would be smallest). Groups below each node would have all the characteristics of the splits made earlier.
In CART analysis, a series of all terminal nodes represents the case-mix classification system. The terminal node denotes a case-mix group, which has all the characteristics of the splits made earlier. For example, patients in node 10 had not only "frequent demands/repetitive complaints" for "two days or more", but also a length of stay that was less than 105 days and a need for "partial support" or were "totally dependent" in "ADL eating". Statistical analysis of the data was performed using PASW Statistics Version 18 software (SPSS Inc., Chicago, IL, USA).
The study was conducted with the approval of the research ethics committee of the Graduate School of Health Management at Keio University. In the survey, patient names, medical record numbers, and other items that could identify patients were not recorded on the questionnaire.
Results
subject background
The background of the subjects in this study is shown in Table 1 . The proportion of subjects aged 65 years or over differed from that in the Data on Mental Health and Welfare, Outline of June 30 Survey in Fiscal Year 2010, 7 published by the Ministry of Health, Labour and Welfare (hereafter referral to as the "National Daily Census Survey"). Our aim was to cover the full range of patients for the purpose of developing a case-mix grouping system. The proportion of those aged 65 years and over is less in our sample but since the over 65s constitute a relatively homogeneous group, we concluded this would not be appropriate. Table 2 shows the distribution of the patients' clinical characteristics. Table 3 shows the presence/absence of complications and medical treatments. The factor that exerted the greatest influence on care time was length of stay ( Figure 1 ). The mean care time was 152 minutes for patients in the short-stay group (length of stay 104 days) and 95 minutes in the long-stay group (length of stay 105 days). Thus, in general, the care time was shorter in the group that stayed 105 days. However, within the long-stay group, the group split by node 6 requiring "partial support" to being "totally dependent" in ADL had a mean care time of 144 minutes and numbered 1,119 were placed in this group. Node 12 was split into node 17 and node 18 by length of stay, and node 18 was split into node 19 and node 20 by verbal abuse. In the group split by node 17, patients having "frequent demands/ repetitive complaints" for 2 or more days, and a length of stay of 1,532 days or less had a mean "total weighted care time" of 121 minutes. Also, in the group split by node 20, patients having "frequent demands/repetitive complaints" for 2 or more days, length of stay of 1,533 days or more, and "verbal abuse" for 2 or more days had a mean "total weighted care time" of 121 minutes. The first group exceeded, and the latter two groups were very close to, the 125 minutes in the group split by node 14 in the short-stay group which was "independent in ADL eating", had "mild or no psychomotor agitation", and were aged 25 or older. The overall contribution of rate of variance according to the case-mix classification using CART in this study was 23.4%. If the analysis had been conducted with only length of stay as the variable, this would have explained only 12.7% of the variance, indicating that case-mix groups should not be developed using only length of stay.
Distribution of clinical characteristics
Discussion
This study is the first to have developed a case-mix grouping system for a large sample of patients with schizophrenia. We found that labor costs, as measured by care time, could be explained by length of stay, patient age, psychomotor agitation, problem behavior manifested by "frequent demands/ repetitive complaints" and "ADL impairment in eating and toileting". Apart from "psychomotor agitation" on the BPRS, patient characteristics could be evaluated by the unit nurse, which should facilitate coding by hospitals.
The first split is by length of stay (number of days) and we note that 105 days is close to the policy goal of discharging within 90 days in acute units. However, there were three groups (nodes 6, 17, and 20) among patients hospitalized for 105 days or more that had a care time close to the mean 152 minutes for patients hospitalized 104 days or fewer (node 1). The first group required more than partial support in toileting (node 6; 144 minutes). The second group was independent in toileting but made "frequent demands/repetitive complaints", and were hospitalized for 1,532 days or fewer (node 17; 121 minutes). The third group was independent in toileting, made "frequent demands/repetitive complaints", but were hospitalized for 1,533 days or more, and exhibited "verbal abuse" (node 20; 121 minutes). From the perspective of patient care, the fact that the first group requiring support in "toileting" took up so much time indicates that less time would be spent on other patients. This would make it 
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inpatient characteristics and care time in schizophrenia difficult to achieve the policy goal of discharging long-stay psychiatric patients because the limited care time in chronic units is focused on patients requiring ADL support. The latter group comprised a significant proportion of patients. Despite the fact that our survey is likely to have undersampled these patients, they still composed 13.4% of the total group and 16.1% of the long-stay group.
The first limitation of our study lies in the fact that we did not use facility variables to explain differences in care time. We decided not to do so because short-stay patients would be more likely to be hospitalized in acute care units, while long-stay patients would be mainly in chronic care units. Acute care units would have much higher staffing levels than chronic care units. Moreover, there are many variations in staffing in acute and chronic units, making it difficult to categorize units easily according to their staffing levels. In addition, by categorizing, we might overstandardize and lose the real difference in care time coming from patient characteristics.
The second limitation is that we used "problem behavior" and "insight into disease" items that were developed by a panel of experts from the hospitals we had surveyed. These items have the advantage of being able to be evaluated by nurses, but have not yet been tested for test-retest reliability.
In order to apply our case-mix grouping system for actual payment, further studies must be conducted on direct costs not covered, such as drugs, and overhead costs such as "hotel", administrative, and capital costs. While the overhead costs would not impact on the grouping and relative costs, they would determine the proportion of payment that would be paid across the board for all patients. In addition, the technical details of billing would have to be negotiated with the hospitals. However, designing a case-mix grouping system would be a first step toward a more appropriate payment method.
